erosclerotic coronary artery plaque erosion or ruptures, which lead to transient, partial or complete arterial occlusion. Several lines of evidence suggest that inflammation plays a critical role in the initiation and progression of myocardial infarction (Shah et al. 1995; Maseri 1997; Rose 1999) . The severity of the myocardial damage could be predicted by measuring plasma levels of inflammatory markers, such as high-sensitivity C-reactive protein (hs-CRP) and soluble CD40 ligand (sCD40L). In fact, earlier studies indicated that increased hs-CRP and sCD40L levels predicted near-term future coronary events and were associated with a poor prognosis of AMI (Berk et al. 1990; Andre et al. 2002; Mukamal et al. 2005) .
Moderate alcohol consumption had been consistently associated with a reduced risk of myocardial infarction in epidemiological studies (Henn et al. 1998) . Aldehyde dehydrogenase-2 (ALDH2) is one of the key enzymes of alcohol metabolism, which catalyzes the conversion of aldehyde to acetic acid. ALDH2 is mainly located in the mitochondria and plays a crucial metabolic role in the oxidation and detoxification of aldehyde. The ALDH2 gene is located on chromosome 12 and is composed of 13 exons (Takagi et al. 2002) . There is a G-to-A transition in exon 12, which leads to a replacement of the 504th amino acid residue Glu with Lys in ALDH2 peptide sequence (Xu et al. 2007 ). Thus, there were two ALDH2 alleles (G and A) and their combinations, GG (typical homozygote), GA and AA (atypical homozygote) in the population. The functional ALDH2 enzyme is a tetramer; if any of the four subunits contains the 504 Lys, the activity of the enzyme is severely compromised (Xu et al. 2007; Budas et al. 2009 ). Thus, compared to ALDH2 activity in the GG genotype, subjects with GA genotype show 30-40% of the activity and those with AA genotype show negligible activity (Budas et al. 2009 ).
It has been reported that the ALDH2 GG genotype could protect the heart from ischemic damages, but the ALDH2 AA genotype was a risk factor for myocardial infarction in Japanese men (Takagi et al. 2002; Chen et al. 2008) . Our previous research also indicate that individuals carrying the GA or AA genotype are at an increased risk for the occurrence of AMI compared with those carrying the GG genotype in Han Chinese population (Xu et al. 2007) . In this study, we aimed to investigate the possible role of the G-to-A polymorphism of the ALDH2 gene in the severity of the myocardial damage by measuring plasma levels of inflammatory markers (e.g. hs-CRP and sCD40L) in the early phase of AMI.
Materials and Methods

Study subjects
The study was carried out in Chest-pain Center of Qilu hospital affiliated Shandong University. A total of 226 Chinese Han patients with AMI from July 2006 to July 2009 were included. All participants must be unrelated individuals. Patients who suffered from cancer, liver and kidney failure and other serious diseases, or taking immunosuppressive agents, cytotoxic drugs, hormone replacement therapy and warfarin, or had received intravenous thrombolysis, coronary stent implantation and coronary artery bypass grafting were excluded.
Blood samples were collected on admission to make sure they were obtained within 12 hours after the onset of AMI and saved in 4°C refrigerator in tubes containing EDTA. Once the patient was diagnosed with AMI, their blood would be centrifuged and saved in the −80°C ultra-low temperature refrigerator (Sanyo, Japan) for advanced biochemical examination. We recorded the base-line data on each patient in detail (Table 1) . We also take down the results of biochemical markers of each participant (Table 2 ). This study conformed to the ethical guidelines of the 1975 Declaration of Helsinki and was approved by Qilu Hospital's Ethics Committee. All patients enrolled in this study were provided informed consents.
Analysis of ALDH2 genotype
For determination of the ALDH2 genotype, we developed a gene sequencing method as follows: (1) DNA extraction: 200 µ l of venous blood was collected and anti-coagulated with sodium citrate. Blood cells were separated by Fico-lymphocyte separation medium and DNA was isolated using a commercial DNA isolation kit (Tiangen Biotech Co. Ltd., Beijing, China); (2) Polymerase chain reaction (PCR) of extraction production: 50 µ L PCR reaction mixture contained 1.5 µ g DNA template, 25 µ L of 2 × Master Mix (Invitrogen, Carlsbad, CA, USA), 2 µ l sense primer (5´-GTCAACTGCTATGATGTGTTTG G-3´) and 2 µ l antisense primer (5´-CCACCAGCAGACCCTCAAG-3´). The PCR condition was pre-denaturing at 94°C for 3 minutes, then 35 cycles (94°C for 35 sec, 60°C for 30 sec, and 72°C for 45 sec), and final extension at 72°C for 10 minutes. The PCR products were stored at 4°C; (3) DNA purified and sequencing: The PCR products were purified using a commercial kit (Tiangen Biotech Co. Ltd., Beijing, China) and then were directly sequenced by the ABI3730Xl gene sequencer (Biosune Co. Ltd., Beijing, China). The results of gene sequencing charts which show a point mutant (G-to-A) at the same site of gene fragments indicated three genotypes of ALDH2: GG, GA, AA.
Hs-CRP and sCD40L detection
Venous blood samples were collected from patients on admission and before undergoing the emergency PCI or other therapies. The concentration of hs-CRP was measured by an ultra-sensitive nephelometric immunoassay (Behring Nephelometer II, Date Behring, Marburg, Germany) according to the manufacturer's procedure. The concentration of sCD40L was assessed by an enzyme linked immunosorbent assay (ELISA) kit (BMS 239, Austria).
Statistical analysis
Statistical analysis was performed using SPSS16.0 statistical software package (SPSS Inc, Chicago III, USA).Values were expressed as mean ± S.E. Univariate analysis for categorical variable was performed using the chi-square test or Fisher's exact test as appropriate. Differences in numerical variable among the two groups were analyzed by unpaired Student's t-test. Significant factors produced by the above methods were analyzed using multivariate logistical regression analysis. Logistic regression analysis was also used to calculate odds ratios (OR), 95% confidence interval (CI) and corresponding P-values. A P-value of < 0.05 was deemed statistically significant.
Results
Among the 226 patients with AMI, 144 (63.7%) exhibited GG genotype, 76 (33.6%) were heterozygous for GA genotype and 6 (2.7%) were homozygous for AA genotype. Genotype frequencies were in Hardy-Weinberg equilibrium in all types and were similar to several previously published studies (Takagi et al. 2002; Xu et al. 2007 ). According to the results of gene sequencing, all subjects enrolled were divided into two groups: subjects without A allele (GG, n = 144), and subjects with A allele [GA and AA, n = 82 (76 + 6)]. It should be noted that there were no significant differences ( p > 0.05) between subjects with GA genotype and subjects with AA genotype in base-line clinical characteristics, biochemistry markers and inflammatory markers of hs-CRP and sCD40L (data not shown). Table 1 listed the base-line clinical characteristics of the patients. There were no significant differences between the two groups in gender, age, family history of myocardial infarction, smoking status, alcohol consumption and frequency of alcohol consumption ( p > 0.05). However, the mean BMI were significantly lower in the GG group than that in the GA/AA group (25.1 ± 4.4 vs. 26.9 ± 8.1 kg/m 2 , p < 0.05). In addition, the HDL-C level in the GG group was higher than that in GA/AA group (1.9 ± 0.3 vs. 1.1 ± 0.6 mmol/L, p < 0.05). No significant differences were found in the total cholesterol, triglyceride, LDL-C, fasting blood glucose, HbA 1C , PT, APTT and fibrinogen between the two groups ( p > 0.05) ( Table 2) .
The concentration of hs-CRP in the GG group was lower than that in the GA/AA group (4.1 ± 1.6 vs. 6.1 ± 1.2 mg/L, p < 0.05). However, sCD40L level between the two groups had no significant difference (6.8 ± 1.2 vs. 7.6 ± 0.7 ng/mL, p > 0.05) (Fig. 1) . A multi-variable logistic regression showed the odds ratio (OR) of higher level of hs-CRP (>3 mg/L) for the GA/AA group compared with the GG * BMI, body mass index. Alcohol consumption was measured by 'drink', drink 355 ml of beer, 118 ml of wine, or 44 ml of distilled spirits were defined as one "drink" (Xu et al. 2007 ), the parental history of myocardial infarction before 60-year-old was considered to be a family history of MI. Frequency of alcohol consumption was recorded by the last 1 years of individual, wk week, NS not significant. 3.3 ± 1.6 3.1 ± 2.4 NS *TC, total cholesterol; TG, triglyceride; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; MI, myocardial infarction; FBG, fasting blood glucose; PT, prothrombin time; APTT, activated partial thromboplastin; Fib, fibrinogen; NS, not significant. group was 4.908 (95% CI = 1.57~20.98, p < 0.05) after age, sex, hypertension and diabetes history, smoking status, and alcohol consumption were adjusted for. After inclusion of BMI and HDL-C, the odds ratio reduced to 3.311 (95% CI = 1.22~14.22, p < 0.05).
Discussion
In recent years, ALDH2 has attracted much attention due to its potential advantages of cardioprotection against ischemic damage. ALDH2 is one of the key enzymes of alcohol metabolism, which could catalyze aldehyde to acetic acid in vivo. People with inactive aldehyde dehydrogenase-2 (GA/AA) were unable to degrade aldehyde and thus develop malaise, flushing reaction and other symptoms. By analyzing the single-nucleotide polymorphism (SNP) of ALDH2 gene, it is possible to distinguish people with a reduced tolerance (GA/AA) to alcohol from those with a strong tolerance (GG) to alcohol. In previous reports, ALDH2 functioned as a protector against oxidative stress and the decrease in this protective action could influence the onset of AMI (Ohsawa et al. 2003) . Wada et al. (2008) found ALDH2 polymorphism could influence HDL-C level among non-drinkers in Japan, independent of alcohol consumption. HDL-C was one of the three factors due to which moderate consumption of alcohol was inversely associated with incident myocardial infarction (Mukamal et al. 2005) .
Our trial showed the mean BMI were significantly lower in the GG group than in the GA/AA group. In addition, the HDL-C level in the GG group was higher than in GA/AA group. High BMI was a risk factor for coronary heart disease and metabolism syndrome, and both of these diseases were liable to AMI. Based on the previous research, Takagi and his group studied further on the effect of alcohol intake to the HDL-C level. Their study indicated that ethanol intake, through increasing the HDL apolipoprotein transport rate, resulted in a dose-dependent increase in plasma concentrations of the major HDL components (HDL-C, apoA-I and apoA-II) (Takagi et al. 2002) . However, the molecular mechanism of this increase in apolipoprotein synthesis is unclear. Our trial found no significant differences in gender, age, family history of myocardial infarction, smoking status, drinking status or alcohol consumption between the GG group and the GA/AA group.
Inflammation plays an important role in the development of atherosclerosis and coronary artery disease (Lind 2003) . The high levels of inflammatory markers may reflect the severity of this inflammatory response. It has been reported that increased hs-CRP and sCD40L levels were associated with a high risk of future cardiovascular events in both healthy subjects and patients with AMI (Aukrust et al. 1999; Willerson and Ridker 2004) . Recent studies suggested that a ruptured plaque at the culprit lesion is associated with elevated hs-CRP, which indicated a poor prognosis in patients with AMI (Buffon et al. 2002; Zairis et al. 2002) . Hs-CRP has been reported to elevate as an acute-reactant protein during AMI (Tomoda and Aoki 2000; Nikfardjam et al. 2000; Zebrack et al. 2002; Kasap et al. 2007) . A high plasma concentration of sCD40L may be associated with increased cardiovascular risk in apparently healthy women (Schonbeck et al. 2001) . Further evidence suggests that sCD40L is involved in disease progression and plaque destabilization (Heeschen et al. 2003) .
The present study has demonstrated that the G-to-A polymorphism of ALDH2 is associated with higher hs-CRP levels in the early phase of AMI, suggesting that the ALDH2 might affect the inflammatory response at the onset of AMI. However, there was no significant difference in the concentration of sCD40L between the two groups ( p = 0.67). These conclusions seem little confusing, but may be explained as multiple factors are involved in the inflammatory response. A multivariable logistic regression showed the odds radio of high level of hs-CRP (> 3 mg/L) for the GA/AA group compared with the GG group was 4.908 after age, sex, hypertension and diabetes history, smoking status, The patients were divided into two groups according to the genotypes of ALDH2, GG group (n = 144), GA/AA group (n = 82). The concentration of hs-CRP in the GG group were lower than in the GA/AA group ( p = 0.012), but sCD40L between the two groups had no significant difference within 12 hours after the onset of acute myocardial infarction ( p = 0.67).
and alcohol consumption were adjusted for. These data suggest that the G-to-A polymorphism of ALDH2 is an independent risk factor for severe inflammatory injury in the early phase of AMI.
Fortunately, we are not powerless in face of the injury due to ALDH2 inactivity. Chen et al. (2008) searched for ALDH2 agonists using a high-throughput screen and yielded a small-molecule activator of ALDH2 (Alda-1) that, when administered to rats prior to an ischemic event, reduced infarct size by 60%, most likely through its activatory effect on the ALDH2. Since an activator of ALDH2 may reduce the cardiac ischemic damage to the heart either in the GA or the AA genotype of ALDH2, we believe that in the near future pharmacologic enhancement of ALDH2 activity may be useful for those patients with A allele, who are subjected to cardiac ischemia during the progression of AMI. It is especially important for the Asians since the G-to-A polymorphism of ALDH2 has the highest prevalence (40%) in the Asian population.
In conclusion, the G-to-A polymorphism of ALDH2 is associated with the increased level of hs-CRP within 12 hours after the onset of AMI in Han Chinese population, indicating a more severe injury to the myocardium and poor prognosis of AMI. Additional studies would be needed to confirm the molecular mechanisms and find the way to deal with the injury.
